du spin qui est BGportante de 8 2 25 MeV.
Abstract -Ileasurements of the cross section, analyzing power, and spin-flip probability are consistent with an 1 1 1 1 assignment for the 9.0 MeV peak in the g0~r(p,p')90Zr reaction at 319 MeV, but they are not definitive. The spin-flip measurements reveal a large spin-excitation cross section from 8 to 25 MeV excitation.
Measurements oE cross section angular distributions for 200 MeV proton scattering on "~r have revealed a 2 MeV wide peak at about 9 MeV excitation which apoears to exhaust about thirky per cent of the expected M1 strength-I The structure of the M1 region seen in electron scattering is rather different, ang the strength is less than about 15% of the pure shell model value.
At higher excitation energies, only natural parity states have been observed; these natural parity resonances are not expected to involve spin transfer (AS=l). However, a number of calculations indicate that spin excitations should be observed also at excitation energies above 10 M~v .~ ;: the zr(p,p1) "~r reaction at 319 MeV at a laboratory scattering angle of 3.5O.
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Since cross section (o) measurements are generally not sufficient to distinguish between AS=O and AS=l excitations, we have measured also the analyzing power ( A ) and the spin-flip probability ( S ) in the zr (p ,p ' ) zr2 reactign at 319 MeV. Like back-angle elegpron scattering cross sections4 the spin-flip cross section as is a measure of AS=1 excitations.
Excitation of an M1 state, foFnexamPle, is expected to yield a large value of Snn at small momentum transfer q where distortions are not very important. Our data are concentrated at small q to selectively populate low spin states.
The data were taken at High Resolution Spectrometer (HXS) at the Clinton P. Anderson Physics Facility (LAMPF) with a beam of 319 MeV protons polarized perpendicular to the reaction plane (n). Cross section and A measurements were carried out with the standard BRS system modifigd -Lo minimize the instrumental background inherent in small angle inelastic scattering. The polarization of the scattered protons was measured with the HRS focal plane polarimeter; this consis-ts of a 7.5 cm thick carbon analyzer followed by a system of eight multi-wire drift chambers and an array of scintillators to reconstruct trajectories of the scattered protons. The efficiency of the polarimeter was 10 to 15% over an excitation energy range of 11 MeV. These measurements required a thick "~r target (250 mg/cm2), so the energy resolution was 180 keV and the instrumental bacl-,ground was decidely worse than that achieved in our pure cross section measurements.5 A spectrum at 3.5' is shown in Fig. 1 The peak at about 9 MeV corresponds to 'chat observed previously;i some structure is apparent even with the poor resolution. This structure has been studied further in cr measurements v~it1-1 60 keV res~lution.~ Tlze large peak at about 16 MeV corresponds predominantly to excitation of the giant dipole resonance.
Pigs. 2 and 3. Cross section and analyzing power angular distributions, respectively, for the entire 9.0 MeV peak in the 9 0~r ( p , p ' ) 9 0~r reaction at 319 MeV after background subtraction. The solid curves represent DITIA calculations described in the text. -- Cross s e c t i o n s and a n a l y z i n g powers f o r t h e e n t i r e peak a t 9 MeV a r e shown i n F i g s . 2 and 3 ; a smooth background was s u b t r a c t e d . The c u r v e s r e p r e s n t DWIA c a l c u l a t i o n s w i t h t h e Love-Franey i n t e r a c t i o n f o r a ( v g -7 , g7 2)1-t c o n f i g u r a t i o n ; o p t i c a l p a r a m e t e r s were e x t r ap o l a t e d £86; nearbd e n e r g i e s .
The c r o s s s e c t i o n i s a b o u t 15% l a r g e r t h a n t h a t measured a t Orsay a t 200 M~v .~ The s p e c t r a of S and oSnn a t 3.5O and 5.0' a r e shown i n F i g s . 4 and 5 w i t h o u t backgr8nnd s u b t r a c t i o n .
A s e x p e c t e d , s p i n -f l i p c r o s s s e ct i o n s a r e s m a l l a t low e x c i t a t i o n energy i n t h e r e g i o n o f i s o l a t e d s t a t e s ; t h e y rise t o s i g n i f i c a n t v a l u e s around 8 MeV. Compared t o t h e h i g h e r e x c i t a t i o n energy r e g i o n , however, t h e r e g i o n around 9 EeV i s no way remarkable.
R a t h e r , s p i n e x c i t a t i o n s a r e observed up t o a t l e a s t 25 MeV wliere o n l y n a t u r a l p a r i t y
I n o r d e r t o i n t e r p r e t t h e s e r e s u l t s more p r e c i s e l y , we have measured t h e c o r r e s p o n d i n g q u a n t i t i e s a l s o f o r t h e well-known 10.23 MeV 1+ s t a t e i n T h i s i s a n i s o l a t e d s t a t e , predominantly a p u r e neut r o n ( v f -f ) + t r a n s i t i o n , and it p r o v i d e s a good t e s t o f t h e DWIA des&?ption5'zf1the r e a c t i o n mechanism. The r e s u l t s a r e shown i n F i g .
. The s h a p e s o f t h e o and A a n g u l a r d i s t r i b u t i o n s a r e w e l ld e s c r i b e d by t h e DWIA and c o n s i s t e n t &it11 t h o s e measured f o r t h e 9.0 MeV peak i n "~r . The measured CJ i s a b o u t 30% of t h e f u l l s i n g l e p a r t i c l e DWIA p r e d i c t i o n , c o n s i s t e n t w i t h p r e v i o u s work.7 The v a l u e s of S a r e l a r g e , b u t n o t a s c l o s e t o t h e plane-wave v a l u e o f 0.67 a s w 0 u l 8~b e d e s i r a b l e f a r maximum s e n s i t i v i t y . The v a l u e s o f Snn obs e r v e d f o r t h e 9.0 MeV peak i n ' '~r a r e t h u s c o n s i s t e n t w i t h an M 1 assignment. The poor r e s o l u t i o n o f t h e s e d a t a , h o~r e v e r , does n o t p e r m i t i s o l a t i o n o f i n d i v i d u a l E l s t a t e s .
The most s u r p r i s i n g a s p e c t o f t h e p r e s e n t work i s t h e o b s e r v a t i o n of t h e s p i n t r a n s f e r s t r e n g t h above 10 MeV.
I f a l l t h e AS=l s t r e n g t h h e r e corresponded t o M l e x c ' t a t i o n s , t h e c r o s s s e c t i o n would be more -i t h a n t w i c e t h e f u l l (~g~,~ ) c r o s s s e c t i o n .
The r e l a t i v e l y f l a t a n g u l a r d i s t r i b u t i o f l fronq3'!3O t o 5 . O 0 shows t h a t n o t a l l t h i s s t r e n g t h i s M 1 , b u t it i s n o t p o s s i b l e a t t h i s time t o make more def i n i t e s p i n assignments.
W e have c l o s e l y examined many p o s s i b l e s o u r c e s of e r r o r i n o b t a i n i n g t h e s p e c t r a of F i g s . 4 and 5. The i nc l u s i v e a n a l y z i n g power o f t h e carbon a n a l y z e r was c a l i b r a t e d w i t h t h e HRS a t O 0 w i t h a s t a t i s t i c a l accuracy of b e t t e r t h a n 0.01. For e l a s t i c s c a t t e r i n g from a s p i n z e r o t a r g e t , S = O and P=A
T h e r e f o r e , contamin a t i o n of good e v e n t s by such r e s c a t t e r e d p a r t i c l e s would n o t c o n t r ib u t e t o oS ; i t erould merely lower t h e measured v a l u e of Snn. A s a f i n a l chec2: many measurements were r e p e a t e d a t a l a t e r time w i t h d i f f e r e n t beam c o n d i t i o n s and d i f f e r e n t magnet s e t t i n g s ; t h e s e r es u l t s , i n c l u d e d i n F i g . 4 , confirmed t h e o r i g i n a l r e s u l t s .
Because of t h e uniform s p r e a d i n g of t h e s p i n -f l i p s t r e n g t h , it i s d i f f i c u l t t o be c e r t a i n t h a t a l l s o u r c e s of e r r o r have been e l i m i n a t e d . Nevert h e l e s s , o u r r e s u l t s s t r o n g l y s u g g e s t t h a t t h e s p i n -f l i p c r o s s s e et i o n a t 3.5'
i s approximately 0.8 mb/sr/MeV throughout t h e r e g i o n from 8 t o 25 MeV e x c i t a t i o n .
The 5' d a t a a r e l e s s e x t e n s i v e and t h e y have n o t y e t been checked i n a second r u n , b u t t h e v a l u e s of Snn appear t o be s i m i l a r .
Cross s e c t i o n , a n a l y z i n g 
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While no spin excitations have previously been observed in this region, it is important to note that no experiments really sensitive to such stre gth have been performed; the large angle electron scattering data,' for example, extend only up to 10 MeV. The uniform spreading of the oS strength is suggestive of the apparent quasifree background obsgpved in the (p,n) reaction; 0sterfeld8 is able to explain this as AS=l excitations up to spin 3 ' even at 0 ' . Similar results have also been obtained by Izumoto. In addition, recent RPA calculations of the spin-excitation strength expected in (p,pl) and (eret) experiments by Auerbach and Klein reveal large broad structures for many J ' values between 10 and 30 MeV. To consider the present results in terms of a quasi-free mechanism, it is interesting to observe that the Snn predicted by Arndt's phase shift solutions for free p + p scattering at 3.5O is 0.37 and 0.44 at 5.0°; for free p + n scattering, it is approximately constant at 0.20.
Comparison with Snn values in Figs. 4 and 5 shows that the nuclear response is not dramatzcally different from that of a Fermi gas, even though this is a region of high natural parit3 collectivity. This disagrees with the conclusions of Iloss et al. for 2 a 8~b at 400 MeV.
This initial measurement of spin observables in the giant resonance region of "zr is thus consistent with an unnatural parity assignment for the proposed M1 peak at 9.0 IIeV in 9 0~r , but it is not definitive; high-resolution spin-flip experiments with high resolution are necessary. On the other hand, the spin-flip data reveal for the first time considerable spin excitation cross section over the entire region from 8 to 25 ileV.
